Solvent-extracted canola meal (CM), together with rapeseed meal, is the second most traded protein feedstuff for animals worldwide after soybean meal (SBM; Newkirk, 2009 ). Substitution of SBM by CM in swine diets may reduce feed cost (Woyengo et al., 2013) . However, the relatively high dietary fiber content in CM (32% total dietary fiber, TDF) limits its energy and nutrient availability for pigs (González-Vega and Stein, 2012) . Reducing fiber content by further processing CM may improve its feeding value (Hickling, 2007) .
INTRODUCTION
. However, energy and AA digestibility of B. juncea need to be evaluated to support its meal inclusion in swine diets. Air classification is a constant, dry fractionation process that primarily shifts fiber content in oilseed meals using streams of air and gravity (Seth and Clandinin, 1973) . Air classification of CM results in a low-fiber, light-particle fraction and a high-fiber, heavy-particle fraction from the parent meal. The low-fiber fraction may have better feeding value for young monogastric animals, whereas the high-fiber fraction may be more appropriate for feeding gestating sows, broiler breeders, or ruminants. Dietary inclusion of air-classified CM fractions requires precise knowledge of their energy and AA digestibility to obtain predictable animal performance and to reduce nutrient excretion. Dietary energy and nutrient digestibility values of air-classified CM fractions have not been published.
The hypotheses of this study were that B. juncea CM would have greater energy and AA digestibility than B. napus CM and that low-and high-fiber CM fractions would have greater and lower energy and AA digestibility than the parent meal, respectively. The objective was to determine and compare the energy and AA digestibility of B. napus and B. juncea CM and their air-classified fractions.
MATERIALS AND METHODS

Test Articles, Grinding, and Air Classification
Brassica juncea and B. napus canola were grown in southern Saskatchewan and Manitoba, respectively, during the 2010 growing season. The seed was expeller pressed and the oil was solvent extracted using typical commercial procedures at Bunge North America (Altona, MB, Canada) that fall. The parent meals were further processed at Agri-Food Discovery Place, University of Alberta (Edmonton, AB, Canada) to produce the fractions (Table 1) . Particle size was first reduced using a model 15 Mikro-ACM mill (Hosokawa Micron Powder, Summit, NJ) equipped with a rotor fitted with 4 J-shaped hammers and a separator wheel of the short type. Process air flow was 17.0 ccm, feed rate was 1.5 kg/min, rotor speed was 7,000 rpm, and separator speed was 3,700 rpm. Air classification was subsequently conducted using a model 20 Alpine Turboplex ATP classifier (Hosokawa Micron Powder). Process air flow was 17.0 ccm, secondary air flow was 5.7 ccm, feed rate was 1.5 kg/min, and separator speed was 3,700 rpm. The particle size of the parent CM was determined in triplicate using a sieve shaker W. S. Tyler, Mentor, OH) , and that of the fractions was determined in a laser diffraction analyzer (model LS 13 320; Beckman Coulter Inc., Mississauga, ON, Canada).
Experimental Diets and Design
Effects of feeding canola species (B. napus and B. juncea) and air-classified fractions (parent CM, lightparticle fraction, and heavy-particle fraction) were tested in a 2 × 3 factorial arrangement together with a basal diet and an N-free diet. The 8 mash diets were fed in an 8 × 8 Latin square to 8 pigs for 8 observations for each treatment. The basal diet was formulated to reflect a typical western Canadian grower diet (wheat, barley, and field pea; Table 1 ) that provided approximately 18% CP and exceeded NRC (1998) requirements for most nutrients (Table 2) . Test diets were prepared by mixing 40% of each test parent CM or fraction with 60% of the basal diet. The N-free diet was formulated as per Stein et al. (2007) and was used exclusively to correct for basal endogenous losses of AA. As an indigestible marker, TiO 2 was used. 
Experimental Procedures
The animal procedures were reviewed by the University of Alberta Animal Care and Use Committee for Livestock and followed principles established by the Canadian Council on Animal Care (2009). The animal study was conducted at the Swine Research and Technology Centre (Edmonton, AB, Canada).
Eight crossbred barrows (initial BW 31.9 ± 2.0 kg; Duroc × Large White/Landrace F1; Genex Hybrid; Hypor, Regina, SK, Canada) were housed in individual metabolism pens that allowed freedom of movement (1.2 m wide, 1.2 m long, and 0.9 m high). Pens were equipped with a stainless-steel feeder attached to the front of the pen, a cup drinker next to the feeder, polyvinyl chloride walls with windows, and slatted flooring in a temperature-controlled room (22.0°C ± 2.5°C). During a 10-d adaptation to pens, barrows had free access to an 18% CP diet. Pigs were then surgically fitted with a simple T-cannula at the distal ileum, approximately 5 cm before the ileocecal sphincter. Cannula dimensions, the surgical procedure, and modifications were described previously (Sauer et al., 1983; de Lange et al., 1989) . Pre-and postoperative care was also described previously (Li et al., 1993) . After surgery, barrows recovered for 7 d with a gradual increase in feed allowance and were then switched to the first assigned experimental diet. Daily feed allowance was adjusted to 2.7 times the maintenance requirement for DE (2.7 × 110 kcal DE/kg BW 0.75 ; NRC, 1998), which was fed in 2 equal meals at approximately 0800 and 1500 h. Each 11-d experimental period consisted of a 7-d acclimation to the experimental diets, followed by a 2-d collection of feces and a 2-d collection of ileal digesta. Pigs had free access to water throughout the experiment.
Feces were collected continuously for 48 h using plastic bags attached to the skin around the anus (Van Kleef et al., 1994) . Digesta samples were collected for 2 d from 0800 to 2000 h using soft plastic tubes (length, 20 cm; i.d., 4 cm) containing 15 mL of 5% formic acid that were attached to the opened barrel of the cannula with a rubber band. Tubes were replaced as soon as they were filled or after 20 min (Li , 1993) . Collected feces and digesta were pooled for each pig within the experimental period and frozen at −20°C. Before analyses, feces and digesta were thawed, homogenized, subsampled, and freeze-dried.
Chemical Analyses
Test diets and lyophilized feces and digesta were ground through a 1-mm screen in a centrifugal mill (model ZM200; Retsch GmbH, Haan, Germany). The parent CM and air-classified light-and heavy-particle fractions were analyzed for GE using an adiabatic bomb calorimeter ( (Daun and McGregor, 1981) at POS Bio-Sciences (Saskatoon, SK, Canada). Experimental diets were analyzed for DM, GE, CP, EE, ash, CF, ADF, NDF, AA, available lysine, and TiO 2 contents (Myers et al., 2004 ; the latter was analyzed at the University of Alberta). Feces were analyzed for DM, GE, CP, EE, ash, CF, ADF, NDF, and TiO2 contents. Digesta were analyzed for DM, GE, CP, AA, and TiO 2 contents.
Calculations
The index method was used to calculate the digestibility of components in the experimental diets. The apparent ileal digestibility (AID) and apparent total tract digestibility (ATTD) of relevant nutrients in the diet were calculated using the following equation (Adeola, 2001) : The basal ileal endogenous loss (I end ) of an AA or CP (g/kg DMI) was calculated by the equation for the N-free diet (Eq. [3] of Stein et al., 2007) :
Standardized ileal digestibility (SID) values for each indispensable AA were then calculated by correcting the AID for basal I end using the following equation (Eq.
[7] of Stein et al., 2007) :
Digestibility of test ingredients was calculated according to the difference method (Eq.
[2] of Bureau et al., 1999) :
where D test ingredient = % digestibility of the test ingredient, D test diet = % digestibility of the test diet, D basal diet = % digestibility of the basal diet, 0.6 means 60% of the basal diet in the test diets, 0.4 means 40% of test ingredient in the test diets, N basal = % nutrient (or MJ/ kg GE) of the basal diet (DM basis), and Ningredient = % nutrient (or kJ/g GE) of test ingredient (DM basis).
Net energy values were calculated using Eq.
[5] in Noblet et al. (1994) on the basis of analytical values.
Statistical Analysis
Data were analyzed using PROC MIXED of SAS (version 9.3; SAS Inst. Inc., Cary, NC) as a 2 × 3 factorial arrangement. Normality (PROC UNIVARIATE) and homogeneity of variance (PROC GLM, Hovtest = Levene) were confirmed first. The model included canola species, fraction, and species × fraction interaction as fixed effects. The diet fed in the previous period was used as a covariate to test for carryover effects. Period and pig were random terms. Least squares means for each nutrient were reported. Multiple comparisons between least squares means were achieved using the PDIFF statement with TUKEY adjustment. Significance level was declared at P < 0.05.
RESULTS
Pigs remained healthy during the experiment. Orts were not collected as pigs consumed their daily feed allowance throughout the experiment regardless of the diet offered.
Particle sizes of B. napus and B. juncea CM were 636 and 640 µm (Table 3) , respectively. Upon air classification, yields of light-and heavy-particle fractions were 45% and 55% for B. napus CM and 46% and 54% for B. juncea CM, respectively. Particle sizes for light-and heavy-particle fractions were 21.6 and 71.0 µm for B. napus CM and 16.1 and 81.1 µm for B. juncea CM, respectively. Brassica juncea CM had 37.9% and 28.0% lower ADF and NDF content (DM basis) than B. napus, respectively. Compared with parent CM, the contents of ADF and NDF in lightparticle fractions were reduced by 32.4% and 31.7% for B. napus CM and 31.4% and 27.2% for B. juncea CM (DM basis), respectively. Compared with parent CM, the contents of ADF and NDF in heavyparticle fractions were increased by 14.0% and 7.8% for B. napus CM and 19.0% and 10.2% for B. juncea CM (DM basis), respectively. Compared to the parent CM, the CP content was enriched by 4.3% and 2.1% in light-particle fractions and decreased by 2.9% and 5.2% in heavy-particle fractions for B. napus and B. juncea CM (DM basis), respectively. The AA content in the light-and heavy-particle fractions was generally greater and lower than that in the parent CM, respectively. Glucosinolates in B. juncea CM were about 2-fold greater than in B. napus CM. Air classification did not enrich glucosinolate content in either light-or heavy-particle fractions (DM basis).
Carryover effects were not observed (P > 0.05) among periods for digestibility variables. Interactions between canola species and parent CM or air-classified fractions for digestibility variables were not observed (P > 0.05), except for ATTD of OM of experimental diets (Table 4) . Brassica juncea CM had 8.8%, 7.8%, 63.2%, 45.5%, and 8.4% greater (P < 0.001; Table 5 ) ATTD of DM, GE, ADF, NDF, and OM than B. napus CM, respectively. The DE and calculated NE values were 6.3% and 10.0% greater (P < 0.001) in B. juncea CM than in B. napus CM. The ATTD of CP did not differ (P > 0.05) between B. napus and B. juncea CM. The light-particle fraction had 5.3%, 29.4%, and 5.1% greater (P < 0.001) ATTD of GE, ADF, and OM than the parent CM, respectively. However, the light-particle fraction had 5.1% lower (P < 0.001) ATTD of CP than the parent CM. The heavy fraction had 5.4%, 3.8%, 5.8%, 14.2%, and 4.8% lower (P < 0.001) ATTD of DM, GE, CP, ADF, and OM than the parent CM, respectively. The DE and NE values of the light-particle fraction were 6.1% and 10.8% greater (P < 0.001) than those of the parent CM. The DE and NE values of the heavy-particle fraction were 5.4% and 7.2% lower (P < 0.001) than those of the parent CM. The ATTD of NDF did not differ (P > 0.05) between the parent CM and fractions (Table 5) .
The AID of GE and nutrients in test diets (Table 6 ) and the SID of CP and AA in test diets (Table 7) were generally similar to those of test ingredients (Table 8 ). The B. juncea CM had a 17% greater (P = 0.05; Table 8 ) AID of DM than B. napus CM. The AID of GE did not differ (P > 0.05) between B. napus and B. juncea CM. The light-particle fraction had 37.5% and 37.2% greater (P < 0.001) AID of DM and GE than the parent CM. The heavy-particle fraction had AID of DM and GE that were similar (P > 0.05) to those of the parent CM.
Brassica juncea CM had greater (P < 0.05; Table 8 ) SID of His, Ile, Val, Asp, Pro, and Tyr than B. napus CM. The SID of other AA, CP, and total AA did not differ between B. juncea and B. napus CM. The light-particle fraction had greater (P < 0.001) SID for every AA and total AA than the heavy-particle fraction. The SID of AA and total AA did not differ (P > 0.05) between the light-particle fraction and the parent CM, except for those of Trp, Glu, Pro, and Tyr, which were greater (P < 0.05) in the light-particle fraction. The SID content of AA did not differ (P > 0.05; Table 8 ) between the parent CM and the heavy-particle fraction, except for those of Arg, Lys, and total AA, which were greater (P < 0.05) in the parent CM. 
DISCUSSION
Air Classification of CM
Air classification separates CM into 2 fractions with different physical properties and nutrient contents (Andersson et al., 2000) . Canola seed is composed of hull and cotyledons containing oil and protein (Thakor et al., 1995) . Hull accounts for approximately 30% of the weight of CM and contains about 60% of TDF (Bell and Shires, 1982; Slominski et al., 2012) , which greatly contributes to the fiber content of CM. During oil extraction, seeds are crushed and expeller pressed, and the remaining oil is solvent extracted to yield CM with hull and oil-free cotyledons (Newkirk, 2009) . Grinding CM partially breaks the adherence between these 2 seed components. The rigid hull is resistant to grinding and stays in larger particles (Wolf et al., 2002) , whereas cotyledons are more easily shattered into smaller particles (Clark et al., 2001) . Canola hull particles have greater density than cotyledons. During air classification, air flow lifts suspended lighter particles up while heavier particles fall (Fedec, 2003) , thereby partially separating the hull from cotyledons and shifting fiber to the heavyparticle fraction and reducing fiber in the light-particle fraction. Air classification of solvent-extracted oilseed meals can thus serve as one of the last plant-processing steps or back-end or tail-end dehulling.
Nutrient Composition of CM Air-Classified Fractions
Air classification reduced ADF and NDF contents in the light-particle fraction, whereas it enriched fiber content in the heavy-particle fraction. Canola hull fiber is rich in cellulose, lignin, and polyphenols, whereas cell wall fiber from cotyledons is rich in hemicellulose and pectin (Bell, 1993; Mustafa et al., 1996; Slominski et al., 2012) . The segregation of cotyledon from hull particles results in an enrichment of hemicellulose in the light-particle fraction (King and Dietz, 1987) . Slominski et al. (2012) manually separated canola embryo and hull from each other and found greater lignin and polyphenol content in the hull. It should be emphasized that air classification is an incomplete separation of cotyledon and hull, which could shift lighter hull particles into the light-particle fraction.
Purified canola cotyledon (oil free) and hull contained 54% and 20% CP, respectively (Bell and Shires, 1982) . However, CP content in this study increased only slightly (3%; DM basis) in the light-particle fraction. Similar results were also found by studies that 1992; de Lange et al., 1998; Clark et al., 2001 ) and air classification of rapeseed meal (Seth and Clandinin, 1973; Bayley and Hill, 1975) . These findings may be attributed to the relatively high protein content (15% to 20%) in canola hull (Bell and Shires, 1982; Mustafa et al., 1996) . The tight adherence between hull and cotyledons in canola seed, which is further strengthened by expeller pressing (McCurdy and March, 1992) , also increases the difficulty of separating these seed components. Hydrothermal treatments of CM before dehulling increased the efficiency of protein shifting (Thakor et al., 1995) . However, additional processing procedures would increase fractionation cost. Glucosinolates are the major antinutritional factor in CM that reduces animal performance by reducing feed intake and affecting thyroid and liver functions (Tripathi and Mishra, 2007) . In contrast to pulse seed tannins that are located mostly in the seed hull and can be removed by dehulling or pearling, glucosinolates are concentrated in the cotyledons of canola (Matthäus, 1998; Mińkowski, 2002) . Thus, we thought that dehulling CM might enrich glucosinolates in the low-fiber fraction composed mostly of cotyledons. However, the glucosinolate contents and profiles among parent CM and fractions were similar in the present study and other studies that dehulled CM by sieving (McCurdy and March, 1992; Clark et al., 2001), which could be mainly attributed to the breeding programs that have progressively reduced glucosinolates in canola seed over 3 decades (Newkirk, 2009 ).
Digestibility of Brassica napus and B. juncea CM
Brassica juncea has been labeled as the third canola species in Canada (Canadian Grain Commission, 2013) . It is more thermotolerant and disease resistant than B. napus. Therefore, it is better suited to grow on the marginal lands of the low-precipitation northern Great Plains (Miller et al., 2003) . The greater ATTD of DM, GE, and DE value for B. juncea CM compared with B. napus CM in the present experiment, which agrees with the results of a previous study (Le et al., 2012) , could be attributed to the thinner seed hull, less TDF (Bell et al., 1998) , and a smaller proportion of lignin in B. juncea CM . Feeding B. juncea CM may also increase digestion efficiency by decreasing the digesta passage rate in the small intestine and increasing bacteria enzyme activity in the cecum . The increased ATTD of ADF and NDF in B. juncea compared with B. napus indicates greater fermentability of B. juncea CM. The 0.8 MJ/kg greater NE value of B. juncea CM compared with that of B. napus could be attributed to greater DE and lower ADF content in B. juncea CM, which agrees with the study of Le et al. (2012) but differs from the results of Montoya and Leterme (2009) and Bell et al. (1998) , who reported similar energy and nutrient utilization of B. juncea CM compared with B. napus CM in pigs. On average, ATTD of DM and GE were 95.5% and 63.2% greater than their respective AID values, which indicates extensive fermentation and water absorption of CM in the large intestine. The SID of AA between B. napus and B. juncea CM showed no differences, except for those of His, Ile, Val, Asp, and Pro, which were greater for B. juncea CM. The same AA were also previously reported to have greater SID in B. juncea than in B. napus CM (Trindade Neto et al., 2012) . It appears that the difference in fiber content and components between B. napus and B. juncea CM may not affect AA and CP digestibility as greatly as it affected energy digestibility (Le et al., 2012) .
Digestibility of Parent CM and Air-Classified Fractions
Feeding light-particle fractions increased ATTD of DM, GE, and OM compared with feeding parent CM and heavy-particle fractions. Previous studies also reported increased energy and nutrient utilization for dehulled canola or rapeseed meal fractions in pigs (Bayley and Hill, 1975; Bourdon and Aumaître, 1990; de Lange et al., 1998; Kracht et al., 2004; Zhou et al., 2013) . Increased ATTD of nutrients in the light-particle fraction could be explained by its reduced NDF content and lower proportion of cellulose and lignin, which are indigestible in pigs and negatively affect the digestion of other nutrients (Bell, 1993; de Lange et al., 1998) . The increased ATTD of ADF in the light-particle fraction in the present study may indicate greater fermentability of fiber in canola cotyledon. The similar ATTD of NDF among CM and air-classified fractions can be attributed to the presence of hemicellulose, which could be better fermented by the gut microflora (Bell, 1993) . The smaller particle size of the light-particle fraction may also contribute to its greater ATTD of nutrients by increasing surface area of feed particles for digestive enzyme hydrolysis (Wondra et al., 1995) . The DE (14.8 MJ/kg) and NE (8.3 MJ/kg) values of the parent CM in the present study are similar to the values of 13.7 and 7.9 MJ/ kg reported by NRC (2012). The 0.9 MJ/kg greater NE value of the light-particle fraction compared with that of the parent CM may practically imply less dietary fat supplementation to meet the energy requirement of pigs, which could reduce feed cost (Clark et al., 2001) . Increased AID of DM and GE in the light-particle fraction compared with the parent CM and the heavyparticle fraction could be explained by its lower fiber content and smaller particle size. The SID of Lys, Met, and Thr of the parent CM in the present study were 75%, 81%, and 68%, compared with 74%, 85%, and 70% reported by NRC (2012); 67%, 84%, and 72% reported by Woyengo et al. (2010) ; 68%, 84%, and 70% reported by González-Vega and Stein (2012); 74%, 81%, and 66% reported by Trindade Neto et al. (2012) ; and 84%, 90%, and 82% reported by Le et al. (2012) . The remarkably lower SID of Lys reported by Woyengo et al. (2010) and González-Vega and Stein (2012) could be attributed to Maillard reactions that mostly occurred during desolventizing and toasting after seed oil expelling and solvent washing (Woyengo et al., 2010) , which were closely monitored by the processor and were avoided for the meals fed in the present study. The SID values of other AA in the parent CM are in general agreement with previous studies (Eklund et al., 2012; González-Vega and Stein, 2012; NRC, 2012; Trindade Neto et al., 2012) . Instead of feeding a cornstarch-based basal diet, the present study fed a grain-based basal diet to simulate a conventional western Canadian grower diet. Feeding ground cereals instead of semipure starch might lead to greater fiber content in the basal diet and might trigger greater specific AA endogenous losses, which would cause lower SID values (Stein et al., 2007) . However, AA digestibility of the parent CM in the present study did not differ much from that of studies that fed a starchbased diet. Cereals, pulse, and wheat coproducts fed in this study did not affect the digestion of CM.
The light-particle fraction had greater SID for all AA than the heavy-particle fraction, which could be attributed to its lower CF, ADF, and NDF contents, which are negatively correlated with the digestibility of AA (Fan et al., 1996; de Lange et al., 1998) . Because of the enrichment of hull components, the heavy-particle fraction contains proteins that are tightly bound with cellulose and lignin (Finlayson, 1974; Bell and Shires, 1982) , which results in poor digestion (Fan et al., 1996) . Increased fiber content in the heavy-particle fraction may also trigger greater endogenous losses in pigs, which reduces measured AA digestibility (Eklund et al., 2012) . In the present study, only SID of Trp, Asp, Glu, and Tyr were greater in the light-particle fraction than in the parent CM, indicating that some AA are contained mainly in storage proteins in the cotyledon of canola seed (Fan et al., 1996) , are associated less with the hull, and therefore are better digested by pigs.
Greater SID of AA in the light-particle fraction may support its inclusion in high nutrient density diets such as starter feeds for young monogastric animals and may reduce the inclusion of synthetic AA in young pig diets to meet their requirements. The heavyparticle fraction could be directed to feeding gestating sows or broiler breeders because they would benefit from low-density diets with higher fiber content that induce satiety and may reduce the incidence of stereotypies (de Jong et al., 2005; de Leeuw et al., 2008 ). The heavy-particle fraction could also be intended for ruminant feeding and could thereby increase the whole value of CM (Clark et al., 2001) .
Particle Size
Particle size is an important factor affecting the efficiency of air classification. Fine grinding of CM breaks the bounding between hull and cotyledon so that seed components can be separated more efficiently (Sosulski and Zadernowski, 1981; King and Dietz, 1987) . However, the partial confounding effect of particle size between the fractions and the parent CM was inevitable. Particle size is an intrinsic physical characteristic of fractions. The heavy-particle fraction had an 88% reduced particle size but 9% increased NDF (DM basis) compared with the parent CM, but it also had lower digestibility of energy, protein, and AA, which means the difference in fiber content between the parent CM and fractions was the major cause of the difference in nutrient digestibility.
In conclusion, B. juncea CM had greater energy and AA (His, Ile, Val, Asp, Pro, and Tyr) digestibility than B. napus CM. Air classification of CM produced 2 fractions with distinctly different digestible nutrient profiles. The low-fiber, light-particle fraction had greater AA digestibility (Trp, Glu, Pro, and Tyr) and energy content than the parent CM, whereas the high-fiber, heavy-particle fraction had inferior energy and AA digestibility (SID of Arg and Lys) compared with the parent CM and the light-particle fraction (every AA and total AA).
